None of the cases exhibited heart failure. Thirty-eight other patients in clinical cardiac failure, as judged by NYHA class (III or higher) and by the need for digitalis and diuretics underwent catheterization: 14 had aortic stenosis, 8 aortic regurgitation and 16 mitral regurgitation. Informed, written consent was obtained from all of them before the procedure. All patients had biplane left ventricular angiograms quantitatively analyzed. Volume,12),13) mass14) and stress were computed according to known formulae. In particular, stress was computed according to Falsetti, 15) elastic stiffness constant according to Mirsky10),12) and preload index according to equation (I) . Comparisons between groups were carried out with Student's t-test. Linear correlations were calculated by the least squares method. We attempted to correlate to preload index left ventricular end-diastolic pressure, peak systolic stress, end-diastolic and end-systolic volumes, ejection fraction, and two indices of contractility: end-systolic pressure and end-systolic stress to end-systolic volume ratio. 16) The left ventricular function curve was traced using ejection fraction (mean value) as a performance parameter. The abscissa was double-scaled, respectively with end-diastolic pressure and preload index, and end-diastolic volume and preload index. The scale was chosen in such a way that normal values coincided. A shift of a point in respect to normal should indicate a variation in myocardial contractility, provided that the afterload is constant.
RESULTS
General hemodynamic parameters in our cases are shown in Table I . Preload index is shown in Table II . Correlation coefficients and their statistical significance are summarized in Table III. 1. Results by specific left ventricular disease a) Mitral insufficiency: Preload index is, on the average, increased. End-diastolic volume is moderately increased, whereas end-diastolic pressure is still in the normal range. Contractility is about half the normal level. Left ventricular function curve, if plotted against end-diastolic pressure (Fig.  1) , overestimates the contractility, and probably underestimates it if plotted against end-diastolic volume (Fig. 2) . Preload index is negatively correlated to contractility, measured as end-systolic pressure-to-end-systolic volume ratio, and to ejection fraction. Note that, at least in compensated cases, it bears no relationship to end-diastolic volume. This means that the preload index is sensitive both to the overload and to left ventricular function. It is positively correlated to afterload, measured as peak systolic stress. This is probably due to the fact that hypertrophy was slightly inadequate (mean mass to volume ratio 0.88); therefore both systolic and diastolic stress are increased . In decompensated cases no significant variation is detected.
b) Aortic regurgitation: In these cases the preload index seems to be diminished with respect to normal cases, but with large individual variations . Note that both end-diastolic volume and pressure are markedly increased , but hypertrophy is adequate, at least in compensated cases. End-systolic pressureto-volume ratio is diminished. Therefore, the left ventricular function curve might overestimate contractility if evaluated using the preload index in the abscissa. However, it underestimates contractility if end-diastolic volume or pressure is used (Figs. 1 and 2) . There was only a negative correlation observed with left ventricular systolic pressure.
In decompensated cases the preload index is markedly increased. Therefore, in these cases there is concordance between preload index and left ventricular volume and pressure.
c) Aortic stenosis: Preload index is markedly below normal. This is certainly due to the elevated mass to volume ratio (1.85 on the average) and to the stiff myocardium.
It is negatively correlated to systolic pressure and positively to peak systolic stress. In decompensated cases a linear negative correlation exists between end-diastolic pressure and preload index. Enddiastolic volume is normal, but end-diastolic pressure is markedly elevated, due to the stiff ventricle, and cannot be representative of the preload index. Left ventricular function, if evaluated through end-diastolic volume, appears to be markedly depressed; it appears quite normal if evaluated through end-diastolic volume ( Figs. 1 and 2 ).
d) Hypertrophic cardiomyopathy:
Similar to what is observed in aortic stenosis, preload index was markedly below normal range. It was negatively correlated to systolic pressure, mass and mass to volume ratio and positively to the afterload (measured as peak systolic stress). e) Dilated cardiomyopathy: Preload was on the average much larger than usual. It was positively related to the afterload and negatively to the left ventricular mass and elastic stiffness constant. This seems to be due to the inadequate hypertrophy (0.9), which determines higher stresses, and therefore elevates both afterload and preload.
Analysis of left ventricular function
Left ventricular systolic performance-measured as ejection fractionhas been plotted against end-diastolic pressure and preload index (Fig. 1) , and end-diastolic volume and preload index (Fig. 2) . The scale of the abscissa has been chosen to make the points of normality coincide. It can be seen that the plotted ejection fraction/end-diastolic pressure underestimates left ventricular function in aortic stenosis, and overestimates it in mitral regurgitation. Table I gives a value for contractility (evaluated as end-systolic pressure or stress to end-systolic volume ratio) near to normal in aortic stenosis and half the normal value in mitral regurgitation. The plotted ejection fraction/end-diastolic volume (Fig. 2) greatly underestimates left ventricular function in aortic regurgitation and, probably, in mitral regurgitation, whereas it slightly overestimates it in congestive (dilated) cardiomyopathies.
DISCUSSION
The expression (I) should relate actual sarcomere length and its length at zero stress. It is well known that the optimal sarcomere length is 2.2 microns, both in health and in disease. This value is remarkably constant even among different species. Sarcomere length at zero stress has not yet been accurately assessed. Moreover, there seems to be a difference between end-systolic and slack length at zero stress. End-systolic length has been found to be 1.5 microns or even less in hypercontractile states.17),18) Early diastolic length, at zero stress, has been shown to be 1.8 microns. 19) The ratio 1/10 should therefore range from 1.2 to 1.5, and our normal cases are precisely in this range. Nakamura et al20) found a value of In (1/10)=0.43, which is close to our 1/10=1.448 for normal cases (e.43=1.537), and a slightly lower one for aortic stenosis, i.e., a variation with respect to normal of the same order as seen in our cases. A. Preload recruitment in different disease states An interesting finding was a difference in preload reserve recruitment in different diseases, almost irrespective of end-diastolic pressure and volume, which were not related to preload index. To summarize, it can be said that preload is recruited more when the overload is diastolic and hypertrophy inadequate. Both conditions are present in mitral insufficiency and dilated cardiomyopathy, where obviously our index of preload attains its top value. On the contrary, it is minimally recruited in concentric or inappropriate hypertrophy, i.e., as clinical examples, in aortic stenosis and hypertrophic cardiomyopathy.
In aortic insufficiency individual variability is high, probably because aortic pressure in this disease can be increased.
This entails a variable degree of hypertrophy, and therefore of stress and strain.
This behavior stems naturally from the equation used in the calculations, as both constant k and stress depend on mass-to-volume ratio, but is also in agreement with a few experimental results. Ross6) found an almost normal sarcomere length in experimentally induced diastolic overload, and an even shorter sarcomere length was found in experimental pressure (or systolic) overload,21),22) as myocardial stiffness was increased.23)-28) Hess27),28) published results that are quite at variance with ours, especially as far as dilated cardiomyopathy is concerned.
He found the value for elastic stiffness constant (k) to be much higher than normal (myocardium much stiffer than normal).
As a consequence, "normalized" strain (quoting Hess27),28)) is much less than normal, even less than in aortic stenosis. Preload reserve therefore does not seem to be utilized in dilated cardiomyopathy . This could well be the case if slippage and/or disruption of the myofiber had already occurred, but is not in agreement with the common thinking about this disease and its therapeutic implications.
Histological data on sarcomere length, which thus far have not been published, could probably give a definite answer to this controversy.
B. Preload recruitment in heart failure Preload is not constantly recruited in heart failure . In aortic stenosis it is even lower than normal, and a paradoxically negative linear relationship exists between end-diastolic pressure and preload index (Table III) . This entails important, although well known, therapeutic indications: if preload is low and end-diastolic pressure is still elevated, diuretics or dilating agents can relieve congestion, but they can also precipitate a low output state .
On the other hand, cardiomegaly is not always the result of the dilation of the ventricle. 29 
